We present a method for establishing in a single experiment four characteristics of individual neurons: the efferent and afferent connectivity, the morphology, and the content of a particular neuroactive substance. The connectivity of the neurons is determined by retrograde fluorescent tracing with Fast Blue and anterograde tracing with the lectin Pbaseolus vulgani leucoagglutinin (PHA-L). After fixation, the brain is cut into 300-pm thick slices. Neurons containing retrogradely transported Fast Blue are intraellularly injected with the fluorescent dye Lucifer Yellow to ffi their dendritic trees. The slices are then resectioned at 20-40 pm. One section through the soma of a Lucifkr Yellow-fded neuron is selected for the detection of a neuroactive substance contained by this cell [immunofluorescence, secondary antiserum conjugated to teaamethylrhadamine ("IC)]. Using appropriate filtering, it can be determined in the fluorescence microscope whether a Lucifer Yellow-containing cell body has also been labeled with "RITC, i.e., whether it is immunoreac-
Introduction
Neurons and the circuits in which they participate form the morphological substrate underlying the operation of the central nervous system. The techniques that are available today enable us to obtain detailed data about individual neurons or small collections of neurons. For instance, with the tracing technique based on the uptake and anterograde transport of the lectin Phaseohs vw'garir leucoagglutinin (PHA-L) (10) the &rent fibers of only small groups of neurons can be studied (13). It is further possible to inject under electrophysiological guidance single neurons with horseradish peroxidase or biocytin, elucidating the full extent of their dendrites, axonal plexuses, and terminal boutons (6,19,20,39). The fine morphological aspects of neurons that project to a certain target can be visualized in detail using retrograde tracing in combination with intracellularfilling (3,6,16,17). Finally, the neurochemical identity of neurons can be detected by means of immunocytochemical techniques.
Combinations of the above techniques offer the advantage over single methodological approaches that they provide the means to obtain in one preparation several of the different characteristics of the neurons or the circuits in which the neurons are involved. Three groups of combined methods are available: methods using intracellular neurophysiology as the elementary technique (26,34,39), methods primarily utilizing Golgi silver impregnation (9,36; for review see 2), and methods based on the intracellular injection of the dye Lucifer Yellow into neurons in slices of fixed brain (3,4,7,16,43,47). In this report we describe a method by which it is possible not only to study anatomic and connectional features of individual neurons but also to determine the neurochemical content of these neurons. As a model we have used a population of dopaminergic neurons of the pars compacta of the substantia nigra. These neurons are innervated by fibers from the nucleus accum-
WOUTEIUOOD, GOEDE, ARTS, GROENEWGEN
bens, project to the caudate-putamen complex, and contain tyrosine hydroxylase.
Materials and Methods

Experimental Subjects
Thirteen young adult, female Wistar rats were used as experimental subjects (body weight 180-250 g; Harlan-Centraal Proefdierbedrijf. Zeist, The Netherlands).
Method
In brief, four stages can be distinguished in the experimental procedure (the fourth stage-electron microscopy-is optional) (Figure 1 ):
1. Surgery to inject Phaseoh vulgarir leucoagglutinin (PHA-L, anterograde tracer) into an area that projects to the cells of interest.
In the same session, Fast Blue (retrograde fluorescent tracer) is injected into a projection area ofthe cells. After the surgery, the animals survive several days to allow transport of the tracer substances. 2. Mild fixation of the brain, sectioning into thick slices, and intracellular injection of the fluorescent dye Lucifer Yellow into the somata of the cells retrogradely labeled with Fast Blue. The equipment necessary to inject Lucifer Yellow into retrogradely labeled fluorescent cells is described in detail by Buhl et al. (4) . 3. Sectioning of the thick slices into thinner (20-pm) sections and selection of a section containing the soma of a Lucifer Yellow-filled neuron. 3A. Immunofluorescence on this section to determine whether the Lucifer Yellow-filled cell is also immunoreactive for a particular neuroactive substance.
3B. Dual peroxidase immunocytochemistry on the remaining sections to visualize the transported PHA-L and to stabilize the injected Lucifer Yellow. 4. (optional) Electron microscopy to study the ultrastructure of the PHA-Llabeled axon terminals.
Stage 1. Surgery
The rats were deeply anesthetized with 1 mllkg body weight of a mixture of 4 parts ketamine (1% of a solution of Ket; Aesco, Boxtel, The Netherlands) and 3 parts xylazine (2% solution of Rompun; Bayer, Brussels, Belgium) and were mounted in a stereotaxic frame. PHA-L (Vector; Burlingame, CA) 25 pg/pl in 50 mM Tiis b a r e d saline (TBS), pH 7.4 was injected bilaterally into the nucleus accumbens. The injections were made through glass micropipettes (tip diameter 10-20 pm) to which a positive pulsed 6 pA DC current was applied (7 sec on17 sec off, 20 min). After the PHA-L injection, 1 pl of 2% Fast Blue (Sigma; St Louis, MO) in 100 mM phosphate buffer, pH 7.4, was injected bilaterally into the dorsomedial part of the caudate-putamen complex with a Hamilton syringe attached to the stereotaxic frame.
Stage 2. Fixation of the Brain and Injection of the Retrogradely Labeled Cells with Lucifer Yellow
Seven to 14 days after the surgery, the animals received intraperitoneally an overdose of sodium pentobarbital (Nembutal; Ceva, Paris, France) (60 mglkg body weight). The brains were fixed by transcardial perfusion, first with 100 ml of physiological saline solution at 38'C. pH 6.9, immediately followed by 1000 ml of 4% freshly depolymerized paraformaldehyde and a razor blade and sectioned with a Vibratome ( P I ; St Louis, MO) into 300-pm thick slices in the frontal plane. Thinner slices (40 pm) were cut through the PHA-L and Fast Blue injection areas in the forebrain to localize the injection sites of the tracers and to document the transport of the PHA-L (these slices were processed according to a single PHA-L procedure) (46). The 300-pm slices were stored in vials on melting ice containing 125 mM phosphate buffer, pH 7.4, with 50 pl of a 100 mM sodium azide solution added to each ml of medium. For the intracellular injections with Lucifer Yellow, a 300-pm slice was mounted on a glass slide and covered with a Millipore AA filter (0.8 pm pore width; Millipore, Molsheim, France) with a small opening to expose the substantia nigra and the ventral tegmental area. The slice and filter were kept wet with 125 mM phosphate buffer, pH 7.4. Small weights placed on top of the filter kept the underlying slice from floating. The enure preparation was placed in a small dish under a fluorescence microscope (Zeiss ACM). Glass micropipettes with a tip diameter in the 0.1-0.5-pm range, filled with a 4% aqueous solution of Lucifer Yellow-(Sigma) were attached to a motor-dcivcn micromanipulator. Under epifluorescence, using ultraviolet illumination (mercury burner) and the Zeiss epifluorescence filter combination 18 (395-425-nm excitation filter, 425-nm emission filter, 450-nm longpass filter), the somata of retrogradely Fast Blue-labeled cells in the substantia nigra and the ventral tegmental area could be seen because they emitted a bright blue fluorescence [although Kuypers et al. (21) used excitation of Fast Blue with 360-nm ulttaviolet light]. Fast Blue-labeled cell bodies were visually selected, impaled with the micropipette, and injected with Lucifer Yellow by applying a negative DC current of 1 nA (impedance of the micropipette 60-300 Megohm) for 5-10 min. Lucifer Yellow fluoresces brightly yellow under uv illumination [emission spectrum peak 520 nm (37)) and, in successful penetrations, diffused rapidly into the dendrites. In each slice, only one Fast Blue-labeled cell was injected with Lucifer Yellow (Figures 2 and 3A) . After this, the slice was taken out of the microscope and stored overnight in cold 0.1% glutaraldehyde in 125 mM phosphate buffer, pH 7.4
Stage 3. Sectioning
The next day the slices were rinsed several times in the buffer and cryoprotected by infiltration, first with 10% glycerin and 1% dimethylsulfoxide (DMSO) in 125 mM phosphate buffer, pH 7.4, and then with 20% glycerine and 2% DMSO in the same buffer (28). They were then mounted in a freezing microtome on the flat-trimmed surface of solidly frozen 30% sucrose in 125 mM phosphate buffer and cut into 20-pm sections. These were collected in 125 mM phosphate buffer, pH 7.4, and inspected under a fluorescence microscope. Of each slice, one section was selected that contained the soma of a Lucifer Yellow-injected neuron (See Figure IC) . This section was subjected to fluorescence immunocytochemistry (see Stage 3A below), while the remaining sections were subjected to dual peroxidase immunocytochemistry (see Stage 3B below).
Stage 3A. Immunofluorescence Immunocytochemistry. The selected section (schematically shown in Figure IC ) was rinsed three times (10 min each) with 50 mM Tris with 0.85% NaCl and 0.5% Triton X-100 (Sigma), pH 8.0 (further called TBS-TX) and incubated for 3 days in a mouse antiserum against tyrosine hydroxylase (TH; dilution 1:2000 in TBS-TX) under continuous agitation in a refrigerator. After rinsing, the sections were incubated for 48 hr in a goat anti-mouse IgG, conjugated to tetramethylrhodamine (TRITC; 1:50), rinsed three times, and examined in a fluorescence microscope equipped with three Zeiss epifluorescence filter sets: (a) filter comdrawings made of the sections stained with dual peroxidase immunocytochemistry (box: micrograph of one section of this cell in Figure 3E ). This section containing the Cell body and parts of proximal dendrites was used fur tyrosine hydroocylase fluorescence immunocytochemistry. Bar = 50 wm. Figure 3C ). We used this set to be certain that weakly labeled LY cells were not confused with strongly labeled Fast Blue-labeled cells; and (c) filter combination 15 (546/12-m excitation filter, 580-nm emission filter, 590-nm longpass filter) which allowed TRITC fluorescence to be seen while it blocks Lucifer Yellow and Fast Blue fluorescence ( Figure 3D ). Switching between filter sets 18 and 15 revealed whether or not a Lucifer Yellow-filled cell body contained TRITC fluorescence, i.e., immunoreactivity for tyrosine hydroxylase. ported PHA-L and for stabilizing the Lucifer Yellow, wc applied a double peroxidax procedure. The sections were rinsed in three changes of TBS-TX (10 min each) before and after each step. They were incubated overnight (16 hr, refrigerator, continuous gentle agitation) in a cocktail consisting of an antiserum nised in goat against PHA-L (final concentration 15OOO) nixed with an antiserum raised in rabbit against Lucifer Yellow (final concenuation 1:3000). The next morning the sections were incubated for 90 min in donkey anti-goat IgG (DoAQ WO, room temperature) mixed with swine anti-rabbit IgG (SwAR). They were then incubated in a peroxidase-antiperoxidase complex developed in goat (goat-PAP, 1:2000, 90 min. room temperature). After this step, the sections were transferred to 50 mM Tris-HCI buffer, pH 8.0, and processed for 10-20 min with the first chromogen: nickel-enhanced diaminobenridine (Ni-DAB 200 mg nickel ammonium sulfate and 7.5 mg 3,3'-diaminobenzidine in 50 ml50 mM Tris-HC1 buffer, pH 8.0; 10 ~1 2 5 % Hz02 added just before use). This reaction produced a deep-blue to black immunoprecipitate in cells and fibers containing PHA-L ( Figure 3E ). When sufficient blue-black precipitate was produced, the sections were rinsed in 50 mM Tris-HCI b a r , pH 8.0, in TBS-" and then incubated for 90 min in PAP developed in rabbit (1:800). After rinsing in TBsrIx and in 50 mM ?iis-HCI buffer, pH 7.6, they were processed for 5-10 min in the second chromogen: 0.04% 3,3'-diaminobenzidine and 0.015% H202 in 50 mM Tris-HC1 buffer, pH 7.6. By this processing a brown reaction product was produced in Lucifer Yellow-containing somata, dendrites, and axons ( Figure 3E) . The sections were then mounted on slides, dried, dehydrated, and cmrslipped with Entellan (Mer& Darmstadt, Germany). Reconstructions of the dendritic trees were necessary since, owing to the resectioning of the slices, the dendritic trees of the injected neurons were distributed over different sections (cf. Figure 2B see also Figure IC ). These reconstructions wcre made by stacking drawings of Lucifer Yellowlabeled cells taken from successive sections.
Stage 4. Electron Microscopy
In several of the experiments, after Stage 3 we took sections for electron microscopic examination of the PHA-Llabeled axon terminals in the substantia nigra. These sections were again uyoproteaed in the glycerinlDMS0 mixture (see Stage 3), rapidly frozen in liquid nitrogen-cooled isopentane, gently thawed to 4"C, rinsed in TBS, pH 8.0 (this buffer was used for all further incubations and rinses), and incubated for 60 hr at 4'C in 1:2000 rabbit anti-PHA-L antiserum. After rinsing, the sections were incubated for 2 hr in SwAR (1:50) and thereafter for 2 hr in rabbit-PAP (1:800). Subsequently. they were rinsed in Tris-HC1 buffkr, pH 7.6, and immunoreacted with DAB (same composition as above). The sections were then rinsed twice with %is-HC1 buffer, pH 7.6, and twice with 100 mM cacodylate buffer, pH 7.6. Post-fixation was conducted for 45 min in 1% osmium tetroxide in 100 mM cacodylate buffer, pH 7.4. The fixed sections were stained en bloc in a 2% aqueous solution of uranyl acetate (4'C. 1 hr), dehydrated in ethanol, and were via propylene oxide flat-embedded in Epon-Aralditc (Ciba Geigy; Basel, Switzerland) on slides between polyethylene foils. After curing, they were examined with a light microscope. Small areas in the substantia nigra pars compacta containing PHA-Llabeled fibers and terminals were cut out of the sections, glued with a small amount of fresh resin on pre-cured resin blocks, and cured for another 24 hr. Serial sections with a yellow-gold interference color (100-nm thickness) were cut with a diamond knife on a Reichert OM-U4 ultramicrotome and mounted on formvar-coated slot grids. The thin sections were contrasted with lead citrate using a LKB Ultrostainer (LKB, Bromma, Sweden) and examined in a Philips EM 301 electron microscope.
Control Erperiments
Control acperiments are necessary to establish with certainty that the cocktails of antisera in the dual peroxidase staining react only with the component against which they are directed and not with other components. These experiments are extensively discussed elsewhere (13,47). The specificity of each of the used immunofluorescence filter sets was separately tested.
Antisera
Rabbit anti-Lucifer Yellow was kindly provided by Dr. M. Bastiani (University of Utah) (38). We also used a rabbit antibody against Lucifer Yellow prepared in collaboration with Drs. T.J.H. Ruigrok (Ensmus University of Rotterdam, The Netherlands) and R.M. Buijs (Netherlands Institute for Brain Research, Amsterdam. The Netherlands). We purchased the rabbit anti-PHA-L, goat-PAP, and rabbit-PAP antisera from Dakopatts (Copenhagen, Denmark), the goat anti-mouse antiserum from Vector Laboratories, the goat anti-mouse-lTU'IC from 'Ji4GO (Burlingame, CA), the mouse anti-TH from Instar (Stillwater, MN), and the remaining secondary and tertiary antisera from Nordic Immunology (Tilburg. The Netherlands).
Results
Neurons containing fluorescent label after injections of Fast Blue dorsally into the caudate-putamen complex were located in the substantia nigra pars compacta (SNc) and pars reticula (SNr) and in the ventral tegmental area (VTA) of the mesencephalon. An example of a retrogradely labeled neuron in the pars reticula injected with Lucifer Yellow is shown in Figure 3A . The majority of the retro- gradely labeled cells in the SNr and VTA were large and multipolar, whereas those in the SNc were smaller and often bipolar. We limited the present study to neurons in the SNc. When these cells were injected with JY, rapid filling of their thick dendrites occurred.
Most of these dendrites coursed dorsoventrally into the SNr. Thinner, shorter dendrites were more horizontally or tangentially oriented ( Figure ZB) . Under the fluorescence microscope, the somata of the Lucifer Yellow-filled cells displayed sharp outlines, whereas after peroxidase stabilization they were often surrounded by a cloud of brown reaction product. Often the soma of a Lucifer Yellow-injected cell appeared to be physically damaged by the impalement by the micropipette. After the peroxidase staining, the dendrites and the proximal parts of the mons of the intracellularly injected SNc cells were homogeneously filled with brown (DAB) immunoreaction product.
Whereas we could directly observe both the Fast Blue-labeled cells and the Lucifer Yellow-injected neurons in the fluorescence microscope, we could examine the PHA-Llabeled fibers only after the cutting of secondary 20-40-vm sections and the dual peroxidase immunostaining. After this procedure, PHA-Llabeled fibers originating in the nucleus accumbens could be distinguished in the substantia nigra and the ventral tegmental area by their content of blue-black (Ni-DAB) reaction product. The color contrast between Ni-DAB and DAB was excellent. Background was absent. The fiber and terminal labeling in the ventral tegmental area was scattered, whereas in the substantia nigra it was mostly present as dense labeling in a medial zone of the SNc. En passant and terminal varicosities were present on the PHA-Llabeled fibers ( Figure  3E) . Several of these varicosities apposed the shafts of the dendrites of Lucifer Yellow-filled TH-immunopositive neurons (Table 1) . They could also be seen apposing dendrites of LY-filled TH-immunonegative neurons. Of the 113 Fast Blue-labeled, Lucifer yellow-injected cells studied, the dendrites of 56 cells were apposed by varicosities on PHA-L-labeled striatonigral fibers. Of these 56 cells, 31 were also immunoreactive for TH (Table 1) .
In the electron microscope, the varicosities on PHA-Llabeled fibers appeared to be small-to medium-sized terminals entirely filled with synaptic vesicles. They formed symmetric synapses with the shafts of thick and thin dendrites (Figure 4) .
The immunofluorescent determination of the tyrosine hydroxylase (TH) immunoreactivity in the Lucifer Yellow-filled cells was rather straightforward After the incubations with the primary antibody against TH and the TRITC-conjugated secondary antiserum, the Lucifer Yellow fluorescence was still visible, although weaker than immediately after the injection with Lucifer Yellow. Fast Bluelabeled cells in the substantia nigra were invisible with the filter set used for TRITC, whereas TRITC-labeled cells were invisible with the filter set used to visualize Fast Blue and Lucifer Yellow.
Discussion
The present results show that it is possible to obtain data on four characteristics of individual neurons: their efferent connectivity; their afferent innervation and the ultrastructural details of the terminals of the afferent axons; the morphology of the neurons; and the neuroactive substance that the neurons contain. We will discuss these points below.
Eferent Connectivity: Determination by Retrograde Pacing
The purpose of retrograde tracing with Fast Blue before intracellular injection with Lucifer Yellow is twofold. First, the injected cells are characterized as projection neurons because they contain Fast Blue. Second, it provides the investigator, working with the fluorescence microscope, .with fluorescing targets (cell bodies) in the thick brain slices at which to aim the micropipettes filled with Lucifer Yellow. Fast Blue is widely and routinely applied in neuroanatomy because it labels cells with high intensity, diffuses only to a limited extent into glial cells, and shows relatively little fading under uv illumination (1). In our experience, cells in the substantia nigra labeled retrogradely with Fast Blue were still visible 6 weeks after injection. A disadvantage of Fast Blue is that its fluorescence in retrogradely labeled cells is much weaker than that of Lucifer Yellow. As a consequence, in a Fast Blue-labeled cell that is filled with Lucifer Yellow the intense LY fluorescence outshinerthe Fast Blue fluorescence. To circumvent this problem, other investigators have used rhodamine-labeled microspheres to obtain fluorescing cells as targets for intracellular injection (4,16,17) . Fluorogold (30) might be used as an alternative to Fast Blue because of characteristics such as high stability and little or no uptake by fibers of passage.
Aflerent Innervation: Determination by Anterograde Tracing
In the present study, the tracer Phaseohs vuLgaris leucoagglutinin (PHA-L) (10) was used to label the fibers innervating the mesencephalon. The transported PHA-L marks individual fibers along their complete trajectories, includmg the varicosities along the fibers and the terminal boutons. Correlative light and electron microscopy has demonstrated that many varicosities on PHA-Llabeled fibers contain synaptic vesicles and form synapses (13,45,46) . PHA-L tracing has high enough resolution to enable the study of individual labeled fibers in the immediate vicinity of the Lucifer Yellowinjected, Fast Blue-labeled cells. Electron microscopy of the transported PHA-L can be used to study the ultrastructure of the labeled fibers and to examine the nature of the synapses and the postsynaptic elements (see also below). The PHA-L in the striatonigral fibers appeared stable until approximately 4 weeks after injection, which is less than we reported previously for PHA-L transported in striatopallidal fibers (44). A disadvantage of PHA-L is that it is extremely difficult to conduct dual immunoperoxidase preembedding electron microscopy using PHA-L and Lucifer Yellow as the antigens of interest (personal observations). In our hands, both PHA-L and K did not withstand osmication and resin embedding, which precluded a post-embedding approach. We consequently tried many combinations of pre-embedding procedures, employing different chromogens. Although these attempts resulted in the visualization of the first antigen, e.g., transported PHA-L or injected LY, they failed in visualizing the second antigen, e.g., the injected LY or transported PHA-L. However, separately undertaken attempts to visualize in the electron microscope, with different chromogens, tyrosine hydroxylase-containing terminals apposing Lucifer Yellow-labeled cellular processes were successful (22). In this respect it might be worth exploring the possibilities of alternative anterograde neuroanatomical tracers such as biocytin (14,18), fluoro-ruby (31), and biotinylated dextran amine (41).
Morphology: Intracellular Injection witb LucrjCer Yellow
The intracellular filling of a neuron with Lucifer Yellow reveals a much more complex image of the cell body and cell processes than does immunocytochemistry alone. The use of thick slices of the fixed brain (300 pm) allows the reconstruction of a large protein of the entire dendritic uees of the injected cells. By contrast, the spatial reconstruction of the dendritic trees of immunocytochemically stained cells is often limited owing to the relative small thickness (25-40 pm) of the sections as well as by the frequent absence of antigen in distal parts of the dendritic trees. Only in the rare cases when innervation by &rent fibers occurs as pericellular baskets on the studied neurons, as in the case of septohippocampal fibers terminating on GABAergic, parvalbumin-containing neurons (8), a direct dual immunocytochemical approach may be more advantageous.
It must be noted that in the present procedure, Fast Blue-labeled neurons in the superficial parts of the slices are better visible and hence are more often successfully injected with Lucifer Yellow than those located deeper. A disadvantage of this is that certain portions of the dendritic arborizations of superficially located neurons are truncated. Another limitation of the present technique is that a relatively large part of the Lucifer Yellow-injected neurons, i.e., the soma, is used for the determination of the neuroactive substance. It might be attempted to "recover" these sections after the immunofluorescence for the combined PHA-L-Lucifer Yellow staining. Altematively, antibodies against Fluorogold ( 5 ) might be used to stain dendrites in conjunction with combined anterograde PHA-L tracing, retrograde tracing with Fluorogold, and immunofluorescence.
Determination of Nearoactive Substances
We used tetramethylrhodamine (TRITC)-conjugated antibodies to determine whether the Lucifer Yellow-fiied neurons contained tyrosine hydroxylase immunoreactivity. Masking or suppression of the immunofluorescence by the Ly; as reported by Scharfman et al. Lucifer Yellow into neurons in slices of fixed rat hypothalamus and combined this with whole-slice TRITC immunofluorescence to determine whether the LY-injected cells contained corticotropinreleasing hormone. The present approach goes beyond those of the above investigators by revealing major aspects of the anatomic connectivity of the studied neurons in addition to their morphological and chemical characteristics. Since in the present method only one section through the soma of an intracellularly injected neuron is used for the immunofluorescence characterization of the neuroactive substance, the remaining sections are available for a variety of other purposes, of which we have presently used only the characterization of the neuronal morphology and the light and electron microscopic determination of the afferent connectivity. It seems a priori possible to subject other secondary sections of such a neuron to immunofluorescence studies, e.g., to study co-localization of certain neurotransmitters.
The combined use ofintracellular injection with Lucifer Yellow and an immunofluorescence technique requires the application of 
Conclusion
The present results demonstrate that neurons in the substantia nigra pan compacta of the rat (a) possess dendrites that are in contact with varicosities of fibers originating in the nucleus accumbens, (b) project to the caudate-putamen complex, and (c) contain TH immunoreactivity (i.e., they may be dopaminergic). These findings support the hypothesis that nucleus accumbens influences the caudate-putamen complex via dopaminergic neurons in the substantia nigra. Table 1 shows that about 50% of the neurons injected by us with Lucifer Yellow were also found to be TH immunopositive. This is a relatively low number compared with the numbers published by Van der Kooy et al. (40;  approximately 5% of the neurons of the substantia nigra that project to the caudate-putamen complex are not catecholaminergic). Our "low" number may be primarily due to technical circumstances, e.g., low contrast between TRITC-labeled neurons and background, leading in several cases to negative results.
One implication of the present results is the existence of a monosynaptic connectivity between accumbens-nigrosuiatal fibers and TH-immunopositive nigrostriata1 neurons. This is in accord with previous studies describing a monosynaptic projection from the nucleus accumbens to nigrostriatal projection neurons (12.24, 33,35). Since the present account is primarily technical, a more comprehensive discussion of the results and their functional implications will be separately published.
The present technique can be used to determine by light microscopy where synapses with afferent fibers of identified origin might occur on processes of connectionally, morphologically, and immunocytochemically characterized neurons. The data provided presently by the single PHA-L immunoelectron microscopic findings are consistent with the light microscopic findings, i.e., that the PHA-Llabeled fibers contact only dendritic shafts. Unfortunately, the observation in the light microscope of physical appositions between PHA-Llabelcd fibers and Lucifer Yellow-labeled dendrites does not necessarily mean that there are in fact synaptic contacts. It has been observed previously by us that varicosities on PHA-Llabeled fibers, which in the light microscope apposed particular neurons, in the electron microscope appeared to form synaptic contacts with elements of adjacent unlabeled neurons (23).
In the present study we failed to dually stain the sections at the electron microscope level for (a) transported PHA-L and (b) Lucifer Yellow. Hence, we cannot supply the supreme evidence of synaptic contacts between striatonigral fibers and dendrites of dopaminergic nigrosuiatal neurons. Since it has been recently shown that it is possible to combine intracellular injection with Lucifer Yellow and anterograde degeneration following surgical lesions (22,32), this combination may be used in future attempts. 
